Doctoral completion rates are an indicator of successful doctoral programmes and of a region's potential of highly skilled workforce. The Human Resources in Research -Flanders (HRRF) database contains data of all academic staff appointments, doctoral student registrations and doctoral degrees of all Flemish universities from 1990 on. Previous research has identified the following factors as affecting successfully completing the Ph.D.: cohort, scientific discipline, type of scholarship or appointment, gender, age and nationality. We present a competing risk analysis of factors determining Ph.D. completion and drop-out. This event history technique allows for determining the relative impact of each of these characteristics on the level of success/failure & time to degree. It predicts at what time periods the 'time to degree' and 'time till drop out' is most likely to occur, and why some individuals experience the event earlier than others. Our results show that scientific discipline and funding situation are the most important factors predicting success in obtaining the doctorate degree.
Introduction
Completion rates and time to degree in doctoral training programmes are important indicators monitoring the stock and flow of researchers in the academic labour market and in evaluating the efficiency and effectiveness of doctoral education (Larivière, 2012; Visser, Luwel, & Moed, 2007; Wright & Cochrane, 2000) . The return-on-investment in doctoral education is negatively affected by high attrition, low completion and a long time to degree (Wao, 2010; Tuckman, Coyle, & Bae, 1990) , both from a cost-effective economic point of view (i.e. the funder, organiser and supervisor of the doctoral programme as main stakeholders) as from an effective career path perspective (i.e. the individual researcher's postdoc and further career options). ECOOM-UGent, Flanders' Centre for R&D Monitoring at Ghent University keeps track of all academic staff appointments, doctoral student registrations and doctoral degrees of the five Flemish universities from 1990 on, in the Human Resources in Research -Flanders (HRRF) database. Although the HRRF database contains administrative data primarily designed for policy-relevant monitoring, analyses of its contents allow for an improvement upon earlier studies of the determinants of doctoral outcomes (success, failure and the time until either of the two) because of a number of reasons:
(1) The dataset contains the full population, not samples, of researchers at each of the five Flemish universities, an improvement upon earlier studies focused on data from merely one institution (e.g., Ampaw & Jaeger, 2011; Ehrenberg & Mavros, 1995; Wao, 2012; Wright & Cochrane, 2000) , or studies largely dependent on survey responses (e.g. Hoffer & Welch, 2006; Seagram, Gould & Pyke, 1998) .
(2) All research fields are taken into account, allowing for fine-grained comparisons across and between fields rather than focusing on one or only a few disciplines (e.g. Ehrenberg & Mavros, 1995; Espenshade & Rodriguez, 1997; Seagram, Gould & Pyke, 1998; Wao, 2012) . (3) As the data contain full appointment information, analyses can go further than studying merely the occurrence of completion (e.g. Ampaw & Jaeger, 2011) or the actual time of completion (e.g. Mastekaasa, 2005 , Wao, 2010 ; and also include time-to-drop-out. (4) This is linked to an additional advantage: as the appointment information corresponds with 'sponsored time', excluding periods of unemployment, illness or leave of absence, time to degree/drop-out can be calculated using not only the calendar-based approach between admission and completion/drop-out but also the 'sponsored time' approach covering the actual funded period. (5) Finally, due to the large sample in the database and continuous updating, analyses can control for evolutions over time and as such might assess the impact of policy decisions or economic/educational changes at anyone point in time.
This paper studies the determinants of doctoral success and failure using the administrative data available in the HRRF database. Previous research identified the following characteristics as having an impact on doctoral success, on failure as well as on the time required to complete the doctoral degree.
Scientific discipline: Espenshade & Rodriguez (1997) ; Seagram, Gold & Pyke (1998) as well as Wright and Cochrane (2000) all found that timely doctoral completions vary significantly by discipline. Despite some variation in subfields, students in natural sciences are more likely to complete their PhD, and often faster, than those in arts and humanities. Funding and type of scholarship: Students with scholarships are most likely to complete, and complete faster, compared to teaching assistants and self-supporting students (Ehrenberg & Mavros, 1995) . No other studies have examined the impact of different types of scholarships. Gender: While Seagram, Gold & Pyke (1998) did not find significant gender differences in time to degree when controlling for other variables such as scientific discipline at a Canadian university, two other studies do observe differences. Wao's (2010) study of completion rates at a large college in the U.S shows faster completion by females while Mastekaasa (2005) in Norway suggests slightly faster completion by males. Nationality: Espenshade & Rodriguez (1997) found that foreign students in the US outperform their 'native' counterparts: slightly higher fractions complete the Ph.D. (54 versus 50 percent), and the average completion time for the former is about one year less than for the latter. Age: Wright and Cochrane (2000) compared the percentage of successful Ph.D. submission within four years between two age groups (20-26 years and 27-75 years), based on their age at registration. They found that the youngest age group demonstrated higher completion rates and shorter time-to-degree. Cohort: Doctoral attainment can be expected to have changed over time, just as educational attainment at BA and MA level has (Bradley, 2000) . In most doctoral attainment studies, comparisons of cohorts have not been included. However, Hoffer and Welch (2006) observed an increase in time to degree of 1.1 year between 1978 and 2003.
In this paper, first the determinants of doctoral outcomes (success and dropping out) are studied separately. While all these factors have some impact, none of the above studies examined the interplay of these characteristics. In order to address the 'combined risk' of obtaining the doctoral degree or dropping out we perform a competing risk analysis of factors determining Ph.D. completion and drop-out. The joint impact of these characteristics on the speed of success and drop-out is studied, which allows for an identification of those characteristics that have the biggest impact on doctoral outcomes.
Determinants of doctoral outcomes
First, success and failure indicators are discussed separately. Parameters that are indicative of success or failure are completion rates within a period of eight years (success rate) and the degree of drop out within eight years (drop-out rate). Although funding for doctoral training is generally limited to 4 years full-time or 6 years part-time, 8 years is considered an adequate period to assess success or failure -both indicators of effectiveness. Additionally, also indicators of efficiency are relevant: the median and mean sponsored time until attaining a doctoral degree (FTTD). In Flanders, Ph.D. candidates are considered full professionals with salary-level bursaries or staff appointments, while also enjoying student status. Some combine temporary research contracts to fund their doctoral training period. The analyses in this paper are based on the actual "sponsored" or "financed" time of these junior researchers between the first academic position or start of the doctoral degree at a Flemish university, and the completion of the doctoral career track (i.e. moment of dropping out or completing the doctorate), minus periods of 'absence' during and between appointments -illness, temporary unemployment, etc. For every year being observed, all junior researchers in the HRRF database are assigned one out of three statuses: (1) still active, (2) success (Ph.D. attained) or (3) dropped out. A doctoral student completing 4.3 years after starting the doctoral degree, will be registered as 'still active' in year 4 and 'success' in year 5. As argued above, we examine the following characteristics as possible determinants of doctoral outcomes: cohort, scientific discipline, type of scholarship or appointment, gender, age and nationality. Three cohorts (defined by the entry year as junior researcher) are distinguished: those who entered in the academic years 1990-1996 (cohort 1) will be compared to those who entered in 1997-2003 (cohort 2) and 2004-2008 (cohort 3) . All research fields are grouped into five scientific disciplines: (1) medical sciences, (2) humanities, (3) social sciences, (4) applied sciences and (5) natural sciences. The range of doctoral scholarships and research appointments are clustered into five categories. Researchers moving from one category to another during their junior research career are assigned to a "dominant category" on the basis of a decision chart reflecting the hierarchies between these categories: (1) assistant lectureships, which allow researchers to spend on average 50% of their time on research and 50% on teaching, (2) competitive scholarships awarded by Flemish funding bodies, (3) competitive scholarships from the home university, (4) appointments based on project funds for fundamental research and (5) appointments based on other project funds, usually for applied research, and often lasting less than 4 years. Age is determined as the age at the time of the first 'academic appointment' in the university: registration as a doctoral researcher, scholarship commencement, or appointment as research staff. Five age categories are used: (1) younger than 26, (2) 26-30, (3) 31-35, (4) 36-40, and (5) 41 and older. Regarding nationality, junior researchers are attributed to one of three categories: (1) Belgian nationals, (2) nationals from another EU country and (3) non-EU nationals.
Descriptive analysis of doctoral success and time to degree
Amongst the 28,871 junior researchers being analysed, the median sponsored time to degree is 4.5 years. Within a period of eight years of funding, 47.4% attain a Ph.D. and 49.9% drop out. The cumulative success and drop-out rates, as well as the relative number of junior researchers being 'still active' are plotted in Figure 1 . While most drop-out occurs during the first five years, acquiring a Ph.D. rarely takes place before the fourth financed year. Cumulative degrees of success and drop-out are plotted over the first eight years of sponsored time in order to illustrate the relation between the amount of and time till success. Drop-out rates are not discussed in detail in the descriptive analyses but they will be included in the competing risk analysis. 
Cohort
Junior researchers belonging to the second cohort perform better than junior researchers from the first cohort (see Table 1 ), both with regard to sponsored time to degree (0.39 years shorter median FTTD), success rate (10.7 percentage points more Ph.D.'s within eight years) and drop-out rate (7.6 percentage points less drop out within eight years). The third cohort is incomplete, therefore the shorter time to degree is an artefact. The cumulative success rates according to cohort are presented in Figure 2 . With regard to success rate, the difference in percentage points between the first two cohorts after five years is already 9.8%, and between the first and third cohort 16.8%. 
Scientific Discipline
The variation in median FTTD amongst scientific domains is high, amounting to .68 year (see Table 2 ). The success and drop-out rates after eight years also show large differences, 33.0% and 32.9% respectively. Regarding sponsored time to degree, the junior researchers within the natural sciences, applied sciences and medical sciences attain a Ph.D. fastest (median FTTD under 4.6 years), and demonstrate highest completion rates. Ph.D. candidates in the social sciences take on the average more than five years to complete and have a success rate of less than 30%. Cumulative success rates during the period of the first eight financed years of the Ph.D. track, according to scientific discipline, are presented in Figure 3 . Differentiation becomes clear in the fifth year: the percentage of Ph.D.'s increases the fastest in natural sciences, followed by the medical and applied sciences, while the humanities and the social sciences keep lagging. Table 3 ). Both types of competitive scholarships score best, with 83.7 and 75.7% of success within 8 years. Junior researchers with project funding (other than fundamental research) have the lowest chance of success (18.0%). As doctoral researchers often combine various types of funding consecutively, the actual sponsored type may exceed the duration of their "dominant" type of scholarship or appointment. The cumulative success rates according to type of funding or appointment are presented in Figure 4 . The early increase of success amongst competitive scholarships (own university) stands out. Within three years, already 15.6% attains a Ph.D. However, this group is taken over by the group of competitive scholarships (Flanders) during the fifth year. The increase of cumulative success is the slowest for assistant lectureships, with a 'delayed growth' in cumulative success during the sixth till eighth year. 
Gender
The median sponsored time does not differ much between men and women (see Table 4 ), but men are slightly faster (.13 years) and more successful (5.1%) than women. Cumulative success rates are presented in Figure 5 . Overall, the patterns are very similar. The differences between men and woman remain small, but become bigger as their careers proceed over time. 
Age group
The age of the junior researcher studied in this analysis, is the age of the researcher at the moment of 'entry' as junior researcher at a Flemish university. When comparing the five different age groups (see Table 5 ), the range of variation in median sponsored time to degree is rather large: 2.51 years. Older researchers are funded for a shorter period before they acquire their Ph.D. However, the group younger than 26 at the start of their research career, are the most successful (52.7%), while researchers over 40 have a low probability of attaining a Ph.D. (19.1%). Cumulative success rates according to age are presented in Figure 6 . The youngest group appears to follow another pattern than the older groups: they start slowly but surpass the other age groups by far after five financed years. The younger the researcher, the more often the 'standard' Ph.D. pattern of attaining a Ph.D. within four to six year is followed. The older the junior researcher, the more frequent both shorter and longer Ph.D. tracks can be observed. The cumulative success rates according to nationality are presented in Figure 7 . Belgian researchers have the lowest chance of attaining a Ph.D. within four years, but they surpass the foreign EU researchers as their research time increases. 
An integrated approach: Event history analysis
Other studies on doctoral completion have seldom tackled the problem of censored data when using techniques such as correlations, chi-square tests, t-tests, analysis of variance, analysis of covariance and multiple regression (e.g. Wright & Cochrane, 2000; Seagram, Gould, & Pyke, 1998) , at the risk of biased results or loss of information. We study both the moment of doctoral attainment and of drop-out by applying a suitable method that accounts for the censoring problem: event history analysis. The HRRF database contains a substantial amount of right-censored data, a specific type of missing data problem. Indeed, for some individuals it is not known when an event occurs because they did not experience/have not yet experienced the event during the observation period: all junior researchers who have not yet dropped out or attained a Ph.D. at the end of the HRRF database timeframe (September 30 th 2009) are labelled as 'still active'. Competing risks proportional hazard models allow us to examine the determinants of the time to success or failure, while taking into account the censoring of the data and the presence of correlated predictors. A common method of event history analysis, the Cox proportional-hazards model (Cox, 1972) , was applied to the appointment data of 28,396 junior researchers 1 . This technique allows for determining the relative impact of each of these characteristics on the level of success/failure & time to degree, offering explanations for the question why some individuals experience the event earlier than others (Willett & Singer, 1993) . Even more so than in the separate descriptive analyses of the impact of the various parameters on the doctoral outcome, it is relevant to study only the sponsored time in the integrated event history analysis. Periods of sickness, inactivity and pregnancy can all cause delays during the Ph.D. trajectory.
In Table 7 , hazard ratios are presented for the various determinants. These ratios indicate the relative 'risk' of success or drop out compared to the reference category. A hazard ratio higher than 1 indicates a higher chance to achieve the outcome (success or drop out) in the next time unit (sponsored year), meaning a faster average attainment of the outcome. A hazard ratio lower than 1 indicates a lower chance. Each of these relative hazard ratios are controlled for all other determinants. As such we can detect the determinants that have the most significant influence on doctoral outcomes.
Cohort:
The speed of doctoral attainment is the highest amongst the second cohort of inflow.
The first cohort appears to be less prone to early drop out compared to the second and third cohort. Because of the high amount of censoring of the third cohort, the value of the relative hazard ratios should be considered as less reliable.
Scientific discipline:
The speed of attaining a Ph.D. is the highest in the natural sciences, followed by medical and applied sciences, while the humanities and social sciences take the longest. A reverse relationship is observed when looking at the speed of drop out.
Type of scholarship or appointment: assistant lectureships take the longest to attain a Ph.D. compared to the other funding situations. Junior researchers with competitive scholarships are less likely to drop out. Especially junior researchers financed by means of applied-research projects are most likely to drop out faster.
Gender: when controlling for the other variables, women take longer to attain a Ph.D. compared to men and are prone to dropping out more quickly, although the difference is quite small.
Age group: the group older than 40 deviates strongly from the other age groups: they obtain their Ph.D. much faster. The risk of a faster drop out, however, increases with age. Nationality: non EU junior researchers attain a Ph.D. the fastest, followed by EU junior researchers and Belgian researchers. Non EU and EU researchers run more or less the same risk of dropping out; Belgians are characterized by the lowest risk of a fast drop out. 
Discussion
All characteristics examined in this chapter relate to differences in success and drop out, addressing 'the measure of' as well as 'the speed of'. Comparing the results of the descriptive analysis and the more integrated approach of event history analysis, the 'measure of' and the 'speed of' the doctoral process appear to be strongly related. The following groups of junior researchers have the greatest chance of obtaining a doctorate degree, as well as have the chance to achieve it the fastest: the cohort 1997-2003, those in the natural, medical and applied sciences, those having a competitive scholarship, who are male, younger than 26 at the start, and those who are non-EU researchers. In contrast, the group of junior researchers most likely to drop out or to drop out the fastest are: the cohort 1990-1996, the social sciences and humanities, being funded with projects of applied research, being female, older than 40 at the time of first scientific contact and being a foreigner from within the EU. While all of the selected characteristics appear to have a significant influence on measure and speed of success and drop out, a junior researcher's scientific discipline and the type of scholarship or appointment are the most important factors for predicting success in achieving the doctorate.
Differences between cohorts might be an indicator of policy-driven interventions in the research & education system. When the final cohort will contain fewer censored data (cf. future HRRF-updates), it will be possible to fully examine the way in which completion rates develop. As for now, we cannot fully evaluate whether a positive development demonstrates a more effective use of Ph.D. funding following strong government incentives to increase the number of Ph.D. degrees at Flemish universities (Spruyt & Rons, 2008) .
2 Differences between types of appointments or scholarship are mainly due to their varying levels of prestige and to their corresponding hierarchy in terms of research autonomy and job security. The selection process preceding competitive scholarships reserves this appointment status for students with high grades at previous educational levels, who are highly motivated, and who have a supervisor's support before even starting their research work. Therefore, the type of funding may to a certain extent be a proxy for previous educational performance or may be confounded with a 'grooming culture' in which certain groups or types of students are more easily encouraged/supported to enter into doctoral training. Researchers with competitive scholarships also tend to have more autonomy in their research and to be less burdened by teaching and administrative responsibilities. An increasing number of researchers first accept a temporary project-funded Ph.D. position before applying for these four-year competitive scholarships, which explains why times-to-degree according to 'dominant' funding situation are often higher than the duration of the scholarship itself. Those who remain in temporary project-funded contracts, especially when these projects involve applied or policy-relevant research, often experience less job security and less autonomy to focus on their doctoral research. Their completion rates are lower and time-to-degree longer. Assistant lectureships are awarded for 6 years and generally provide 50% research time, which explains the much longer time-to-degree for this category. Their remaining time is devoted to teaching and administrative support to the department, which might put these Ph.D. candidates in a vulnerable position being burdened with time-consuming tasks not related to their Ph.D. project. If researchers need more than the duration of their funding, this extra time is eliminated in the current analyses based on sponsored time, but could easily be determined when comparing with calendar time.
Field-specific variation can be attributed mainly to differences in academic practice: Ph.D. researchers in the natural sciences more often work as part of a team within a specific, predesigned project, and operate within a quality framework more often defined by transparent quantitative publication criteria (Larivière, 2012) , all of which might provide more reassurance and guidance to researchers new to the job. For researchers in the humanities and social sciences, establishing one's own research idea (and thus often working in isolation) may constitute more of a challenge in terms of perseverance, not to mention the lack of consensus over quality criteria in these fields (Long & Fox, 1995) . Also the extent to which a Ph.D. degree is a bonus in the labour market (more so for natural scientists, biomedical experts and engineers, less so for graduates in humanities and social sciences) may affect the intention to start a Ph.D. or the intention to complete or to drop out from the programme (Groenvynck et al, 2011) . Some confounding between field and type of scholarship may occur, as natural sciences, medical sciences and applied sciences have a larger share of competitive scholarships in Flanders, while assistant lectureships are more common in humanities and social sciences.
Gender balance has been obtained at entry level into Flemish doctoral programmes, although unevenly spread across disciplines. When controlling for this uneven spread, however, women do not perform as well as men in terms of doctoral success. With the exception of Booth and Satchell (1995) , other studies performed elsewhere show little or no gender difference in completion probability (Mastekaasa, 2005; Baker, 1998; Ehrenberg & Mavros, 1995) , suggesting either that other contextual elements not included in these models have an additional impact, or that the leaky pipeline phenomenon for women in scientific careers (Long & Fox, 1995) might start at an earlier stage in Flanders than in other countries.
Ph.D. researchers from outside the E.U. obtain success more often and faster than other researchers. They usually have already crossed more hurdles to be able to enter in doctoral programmes from outside the EU, often having performed preparatory research before registering at a Flemish university, and have visa restrictions pushing them to complete within the time foreseen by their scholarship. No explanation could be found why other E.U. researchers perform more poorly at Ph.D. level than Belgian researchers.
Monitoring the production of doctorate degrees and identifying the relative impact of particular factors of success can make a strong contribution to research policy. Its value lies in the fact that the analysis is based on complete and accurate register data from more than one university, and is unaffected by possible biases or low response levels often affecting survey results. Every institution with a reasonably good administrative database is in a position to adopt these methods. Although success and failure are also determined by individual factors not discussed in this paper, important differences on a group level ought to be taken into account for an appropriate system of supervision and doctoral programmes. If universities wish to minimize drop-out rates, the above analysis determines the target groups to which an incentive policy would make the greatest difference.
Future research including other variables can help finding other determinants that might predict time to degree and drop-out. A further step would be to combine administrative registration data with other databases such as institutional repositories or bibliometric data. Also possible interaction between characteristics could be explored, such as the interaction between gender and scientific discipline, and the way in which scientific practices, which vary across fields, change over time.
